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An emended description of the freshwater araphid genus Ambistria: a rare diatom from North
American Eocene localities

PETER A. SIVER (»*
Department of Botany, Connecticut College, New London, CT, USA

Tn 10RAR T nhman and Andrawe dacerihad the frachumatar aranhid diatam oeniic dumhictrin fram the Waonn Red Farmatinn a T ate Farana
Aanncit in Whinmina TTQ A Tha aaniie wae dictinanichad fram athar aanara nn tha hacie nf tha Adictinctive chana af tha valia ~nnimlad
with chnrt strige restricted tn the vialze maraine the latter reanlting in a wide hvaline avial reainn Theee anthare fiirther decerihad twn
enerioe nf Ambictria hacod nn differencec in ciza and the nrecanca/ahcance nf randamlss enared ienlatad narac in the huvaline avial raainn
Furthar dataile ranld nat he discerned fram tha enarimenc illnctrated and the aeniic hac nnt hean rennrtad cinca the ariainal dacrrintinn
Nirmerniie enerimane nf dwmbictria were nincaverad from the Ciraffe Pine Incality an Farlvs Facena denncit Incated in tha Niarthweaet
Tarritnriae Manada  naoar tha Arctic Circla Bvaminatinn of thaca cnacimanc writh licht and crannina alactran micrncrnns ravanslad an
additinnal ciita Af charactare whicrh hava nnwr hoan ticad ta amand and avnand tha ariainal canarie Aacerintinn Thaca faatiirac inclida
the nrecence nf marainal ridaee, g ynigque mechaniem nead ta link frictilec tnoather intn chaine arenlas with ranifarm_chaned unlas and
latarallss nnenina airdle hande  dmbictria halanac in the rlace Fracilarinnhveeas Raiind  and ic hact nlarad within the arder Fraailarialac

(Qilkra) amendad Raiind  Additinnal rharactare that raild he nicad ta dalineata hetween speciee incliide chane nf the rantral reainn lanath

towidth ratin: and nnecihlv tha numhar nf girdle bands. The recent discovery of Améistria in the Giraffe Pipe locality extends the range
of this extinct diatom to the Farly Eocene.

Keywords: Ambistria, copulae, Eocene, Fragilariales, freshwater, North America

Introduction ronfaing an extensive numher of well-nreserved micro-

Tohman & Andrews (1968) originally described the fossils nf diatnms as well as chrvsnnhvtes svniironhvtes

aranhid freshwater diatom ceniis Ambictria T.ohman &
Andrews from the imner nortion of the Waoon Red For-
matinn in Wvnmino TISA  Thig <ectinn nf the farma-
tion was determined tn he Tate Facene At the time
Toahman & Andrews (19ARR) nated that the diatnm ascem-
hlage renresented hv the Waonn Red dennsit was the
nldest nan-marine lncalitv knawn in Narth America Siver
et al (201R) recentlv reviewed the aldest known Inecali-
ties hearing freshwater diatnms hath in Narth America and
worldwide Tnvestioations made siithseanent tn the T.ahman
& Andrews (19AK) nithlication have 1incavered additinnal
]ites hearing frecshwater diatoms incliudino a niimher of
nlder Eacene lacalities (ch Rradhiirv & Krehs 10094
Rullwinkel & Reiocel 2001 Whaolfe et al 20068 Waolfe &
Siver 2009 Siver et al 2010 Bensnn & Kocinlek 2012)
as well as a niimher of miich nlder <ites from the late
TTnner Cretacenuis (ChacAdn-Raca et al 2002 Ambwani
et al 2003 Rpmldi-(‘,amp(ad et al 2004 Sinoh et al

2006 Siver et al 2018} The Giraffe Pine localitv <itii-
ated near the Arctic Circle in the Northwest Territories
Canada, is an especially important early Eocene site that

etiolvnhide  helinznans and snanoces (Walfe & Siver 2000
2013, Siver 2018)
known localitv in North America harhoiring  frechwa-

Rarher et Al Currentlv the oldest
ter diatoms i the BA 5 million vear nld Battle Farma-
tion an extensive frecshwater environment that stretched
acrnss miich of sonthern Alherta and into <onthwestern
Saskafchewan  Canada, during the late Upper Cretaceous
(Siveref al 2018)

A tatal nf 34 diatom necies were 1incavered from
the Waonn Red Farmatinn inchiding 27 deserihed  asg
new indiratino that the qite wag aniite dictinet from later
(vorinoer) accemhlaces knnwn at the time fram Narth
America (I.ohman & Andrews 1968). The formatinon was
especiallv rich in species of Pinnularia Ehrenbere. Fraesi-
Jaria Txmohve and Awvlaroseira (Melacira) Thwaites with
1?2 five and <ix sneciesfrom each oeniis resnectivelv
Amnno the newly described taxa were twn enecieq nf the
nranncad aaniie dwmhictrin  Ambhictria hac nnt hoan rnr\r\rfor‘l
since the Lohman & Andrews’ (1968) studv. Despite mul-
tinle effarts arioinal material fram the T nhman & Andrews

(1968) work has not been located to use for further study.

*Cnrresnondino anthar F-mail- nasiv@conncoll.edu
Associate Editor: Jeffery Stone

(Received 3 July 2019;accepted 18 September 2019)

© 2019 The International Society for Diatom Research

Published online 03 Dec 2019


mailto:pasiv@conncoll.edu




2 Siver

lacRecentlv an extensive niimhber of Ambictria snecimens
whirh rlearly mateh the ariginal dacrrintinn ware 11nenv-
ered from the Giraffe Pipe locality and examined with light
and ceannino electran micrnscany (SEM) - Thig resnilted

in a fulller and mare detailed analvsis of the oennis The

niirnnse nf this contribution i tn nrecent an emended

Aecerintinn far Amhictia and comnare it with other araphid
genera in the Fragilariophyceae.

Materials and methods

Site and core description

DNetailed descrintinng nf the Giraffe Pine localitv are oiven
in Siver et al (20158 and Whanlfe et a1 (?2017) Brieflv
the Giraffe Pine fossil 1ncalitv (R4° 44t N 109° 45t W) is
sitnated within a crater formed dirine emnlacement of
a kimherlite diatreme intn the Slave Craton Northwest
Territories Canada annroximatelv 47 & million vears aon
during the earlv ta middle Encene (Siver & Walfe 2005
Whalfe et al 200R) This nlaces the arigin of the <ite at the
hotindarv hetween the Ynresian (A6-47 8 Ma) and T 1itetian
(47 8-41 2 Ma) The crater harhniired an aauatic environ-
ment that remained for thotisands of vears then transitioned
to a terrestrial environment  The aanatic and terrestrial
cediments were <ithseanentlv mpnpd hv angpnp olacial
dennsite (Siver & Whnlfe 2005 Whnlfe et al 200R8) The
GGiraffe Pine is one of manv kimherlites emnlaced in the
Tac de Gras recion hetween the Tate Cretaceous and
middle Eacene (Heaman et al 2004)

A 163 m lono care drilled at a 47° ancle was recov-
ered from the Giraffe maar in 1999 hv RHP Rilliton Tne
(Siver & Whlfe 2009) The lower 1131 m of the core con-
tains well-nrecerved  <fratified oroanic sediment  inchiid-
ino AR 3m of lactstrine mudstone dennsited diring earlv
nhases nf the Taiitetian The remaing nf the rore are stared
in wonden hoxes Fach core hox has three 1 5 m long chan-
nel hnldino a tatal nf 4 5 m nf material Samnles fram the
core are identified with a three nart niimher (Siver 2015)
The firct niimher renresents the care hax The larger the
niimher the deener the sectinn i within the core Sev-
enteen hoxes nimbers 27 thronoh 11 econtain lactistrine
sediments with hnx 11 renresenting the end nf the aanatic
envirnonment The second niimhber renresents the channel
within the hax The third niimher is the measiirement in em
fram the ton of a care lenogth Far examnle camnle 19-1-
100 renresents the :amnle taken from 100 em down along

the core length positioned in channel 1 from box 19.

Laboratory methods

Thic stnidv inclides twn samnles taken from 10-1-100
Miuidstane frasments (0 5-1 0 o) were nxidized 11:ino R0%
HoOn 1inder Jow heat for a minimiim nf 1-2h rinsed
with distilled water and the <liirries stored in olass vials
at 4° C. This mild oxidation procedure was enough to

cenarate niimerans micrnfossils from the midstone matrix
An alianiot of the resulting <liirrv was air dried onto A
piece of heavy duty aluminium foil. trimmed. and attached
to an aliimininm SEM <tith with Aniezon  wax Samnles
were coated with a mixtuire of onld and nalladiim for
? min with a Palaron Mnodel E sniitter coater and exam-
ined with an FET Nova NannSEM 450 FESEM  Alicnints
were also dried onto coversling monnted onto olass slides
nsino Nanhrax and examined with a Teica DMR licht
microscone with a 7eiss Axincam 503 colonr camera Mor-
nhometric data were made directlv from SEM images
Additional lenoth and width measiirements were made
with light microscopy using Zeiss camera software.

Results
Nllmeml]s specimens ()f Ambistria were l]ﬂCOVered in stra-
fiim 19-1-100 af the Giraffe Pine caore Snecimens were

extracted relativelv easilv fram the care rack with hvdra-
oen nernyide treatment However deanite the made nf
nrenaration mnst friictitles remained intart often in <hart
chains and therefore came to rest on the olass coversling
nr SEM nrenaratinns in girdle view Tn addition most iso-
lated valves were <till connected ta ceveral coniilae which
recitlted in these snecimens comino ta rest with the valve
face on the SEM stith As a resnlt valve face views were
mare difficnlt t0 find esneciallv on the SEM stithe whereas
niimernnis snecimens were <tiidied in girdle view Desnite
this difficulty, over 40 specimens were examined in valve
VIEW.

Ambistria Lohman & Andrews (Figs 1-36)

Fmended descrivtion: Frustules attach to form filaments.
Valves are linear elanoate with a central widening and
hroadlv rannded  anices (Fios 1210 18-24) The value
maroin hetween the anex and centre rances from straicht
(e o Fios 21-22) ta cancave (e o Fios 10-20) the lat-
ter chane recniltino in mare nronniinced central widenino
Valve face striae are 1iniceriate chnrt rectricted tn the mar-
oin and n<nallv consist nf 2-4 arenlae (Fios 1210 1R=21)
Striae are sithnarallel ar <lichtlv diveroent cantiniie 111in-
terriinted aronind the anices and ranoe from 22-24 ner
10 1m an mnst =nerimens rarelv 11n ta 26 ner 10 tm The
axial region ic hroad comnletelv hvaline (Fios 7-8 11

18) nr with seattered arenlae in addition ta thase in the
maroinal striae (Fios O-10) The mantle is relativelv deen
ecneciallv on smaller valves formino a richt anole with
the valve face sfriated and terminates in a hvaline calliim
that nften has a row of irreoularlv chaned nlaaiies (Fios

1R 34 3A) A cfen is nften nhserved an the mantle cloge
tothe eollim (Fios 18 3AR) The mantle striae are continii-
niic with thnse an the valve face hit lnnoer (Fios 18 27)
and comnonsed of 4-7 arenlae The mast marginal aren-
lae nf the valve face striae and the mantle arenlae clncest
tn the valve face maroin are ncnallv laroer in diameter

than the remaining areolae (Figs 27, 33). Areolae range
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in shape from circular to oval, to very elongated, and are
covered externally with volae (Figs 29-34). Smaller are-
olae tend to have a single reniform-shaped vola, but the
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Light micrographs of Ambistria depicting the range of valve shapes fonnd at the Giraffe Pipe locality. Scale bar = 20 )11

number of outgrowths is variable and two or more flap-
like outgrowths per areola are common (Figs 29-30). The
areolae on the mantle bordering the marginal ridge can be



4

:
B

‘,‘““ummm..

S

14...'.

-
-
-
-
-
-
-

Tica 17 17

gt e

NI L1110 &

LYY

Tinht minrAaaranhe Af Blarmante ~AF danLicenia in ~iedla m'ew Friind t the Giraﬁ‘e Plpe 1ocality. NOte the SWOHQH central area,

long mantle striae and range in the number of girdle bands. Scale bar = 10 pm.

hiohlv contarted and are sometimes fiised tnoether within
nr hetween striaetan form verv elonoate onenings (Fios

29-30 2A) TInternallv the arenlae within a <stria are cov-
ered with a contintious thin laver of <ilica that i fliich
with the inner valve <irface (Fios 21-23, 26). Valves lack
rimonartitlae and anical nore fields

A <ilicentis ridoe extends verticallv fram the valve face
margin hit dnes nat extend aroiind the anices (Fios 18-20)
20-23) A <eries nf amall hliint nraiectiong evenlv snaced

with the striae, line the inner side of the marginal ridge

(e o Fios 25 27-28) The nroiectinns attach tn arenlae an
adinining valves (Fio ?28)- this serves as a means nf linking
frustilles to form chains Given thic connectine mechaniam
onlv one valve ner frictille has a maroinal ridoe and the
valves af the ends of chains typically lack such a structure
(eg Fio 34)

The nimmber of girdle hands (contilae) forming the cin-
onliim ranoes fram a few to niimernns (Fios 12-17 31-3A)
It is not uncommon for the cingulum to consist of between

10-15 girdle bands per frustule (e.g., Figs 14-15, 31-36),
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Figs 18-20. SEM micrographs of Ambistria valves showing the widened central area and broadly rounded apices, and highlighting the
valve face. Note the short marginal striae, marginal ridges, wide and hyaline axial region, and the nature of the mantle. Scale bars = 5 lliil-




Figs 21-24.  SEM micrographs of Ambistria valves showing the internal valve surface, and depicting a range of valve shapes. Fig. 21.
Elongated valve with a smaller central widening and a correspondingly large length to width ratio. Fig. 22. Valve type depicting the most
common shape. Figs 23-24. Smaller valves each with an extended central widening and a small length to width ratio. Scale bars= 10)liil

(Fig. 21), 5 il (Figs 22-23) and 3 il (Fig. 24).

and up to 17 have been observed. Longer frustules tend to it attaches to the valve is lined with fimbriae. Girdle bands
have fewer copulae, with the larger numbers being found open laterally at the centre of the valve (Figs 33--35).
on smaller frustules. The margin of the valvocopula where Each girdle band has a long, thin ligule, and a single row
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Figs 25-30. SEM micrographs of Ambistria valves. Fig. 25. Close-up of the apical end of the valve showing the continuous nature of
the striae around the apex, areolae with various-shaped volae, the marginal ridge with short projecting teeth, and a few isolated punctae
on the wide axial region. Fig. 26. Close-up ofthe internal side of a valve showing the continuous siliceous sheet covering the areolae
within each striae. Fig. 27. Close-up ofthe teeth on the marginal ridge. Note the alignment with the striae. Fig. 28. Connection of two
adjoining valves. Note the projections along the marginal ridge of the bottom valve connecting to the areolae of the top valve. Figs 29-30.
Close-ups of the mantle in girdle view depicting connection of adjoining valves. Note the position of the marginal ridge and the highly
variable-shaped areolae and corresponding volae. Scale bars = 2 1= (Figs 25, 26, 28) and 111m (Figs 27, 29, 30).
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Figs 31-36.  SEM micrographs ofAmbistria frustules in girdle view. Fig. 31. Three frustules in a filament each with munerous copulae.
Note the wide striated mantle, the laterally opened nature of the girdle bands and associated ligules, and the marginal ridges. Fig. 32.
Valves of two connecting frustules, both with numerous girdle bands. Note the fimbriae of the valvocopula on the left valve. The valve
that it attaches to has fallen off. Fig. 33. Three valves depicting the wide striated mantle, marginal ridge connecting the lower two valves,
and copulae. Note the single row of closely spaced and elongated pores on the advalvar edge of the girdle bands, especially on the bands
that are broken. Fig. 34. Frustule on the end of a filament showing numerous girdle bands, a wide mantle, and the marginal striae and
hyaline axial region on the valve face. Note the lack of a marginal ridge on this terminal valve. Fig. 35. Close-up of the cingulum on
the specimen in (Fig. 33). Note the narrow ligules. Fig. 36. Connecting frustules within a filament showing the extent of the marginal
ridge, and the fact that this structure does not continue around the apices. Note the fused areolae on the mantle aligning the marginal ridge
on the lower valve, and the collum with a row of plaques. Scale bars = 10 Illil (Fig. 31), 5!Im (Figs 32-34), 4 lllil (Fig. 36), and 311111
(Fig. 35).
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of closelv snared and elongated pores are present on the
advalvar edge (Fig. 35).

Miscorm Shocimone Twn nermanent olace <lide nrenara-
tinne nf material fram <ectinn GP 10-1-100 of the Giraffe
Pine core with amnle cnecimens nf Ambictria have heen
dennsited at the Canadian Miiseiim of Natiire (CANA
1784773} These are the came <lides that contain numer-
ons snecimens of the cyst produced by Mallomonas ampla
(Siver & Lott 2012).

Morphometricre Mornhometric meastirements were made
nn 40 cnecimena  Tenoth and niimher of ctriae ner 10 1m
were actimated far eacrh enecimen and width far 15 ener-
imens imaoed in valve view The lenoth ranged from

R R-4R 1m with mean and median valiiec af 22 and 21

resnectivelv Excent far twao snecimens valve lenothe nf
the remaining <nerimens were < 21 1m Valve width
ranped from AR-05 1m with mean and median valiies
nf 72 and 7 1 recnectivelv The relatinnchin hetween
valve width (meastired at the central swnllen reginn) and
length (indenendent variable) was modestlv sionificant
(» = 0.008 + = 041) and indicates that as valve lenoth
decreaces cn dnes valve width Althniioh the niimher nf
striae ner 10 um ranced fraom 20-25 on Giraffe specimens,
the value for 35 specimens ranged from 22-24.

Crovictinm  avrpanicpe The 10.1.100 otratim fram  the
Ciraffa Pina rara rantaine an avtanciuve divarcity af
cilicontic Araanieme incliding ather diatame rhrren.
nhutes euniirnnhvtes  helinznane encluvnhid  plates and
sponge spictiles The stratim i< daminated by Aulacncoira
oiraffoncic Siver Whnlfe & Fdliind and numeroiis scales
representing muiltinle enecies of Mallomonac Perty and
Synura Ehrenberg Tike Ambictria snecimens of Fragilgr-
l'formg viresronc (Ralfl) Williams & Rovnd and Nunela
mutahilic Siver Wholfe & FEdliind were alo common in
this section of the core Remains nf the svnirnnhvte AMai-
lomonas ampla Siver & Tott were equally abundant as
A. giraffensis. Remains af Malinmnanac incionic Penard
M. asmundiae (Witiek & Van der Veer) Nichalls and
Qunra  vorivaata  Siver & VANnlfe were alen commnn
and the ctratim rantaine a wide divercity of chrysophyte
cvats, Scales of the chrusanhvte cenera Paradhvenmonac
and Olathvamanae wore ahiindant and camnlec alen ~rAn-
tained scales nf multiple helinznan eneriec nlates of both
Scutiglypha and Euglypha, and sponge spicules.

Discussion

Acecardino tn T ahman & Andrewe (10RR)  the dictine-
tive shane of the valve counled with the shart marginal
striae. are the two characters that hest distinouish Ambis-
trin from other aranhid cenera Given the findino< in
thic ctiidv the dictinonichino rharartere ran he aynanded
tn inclhide the marocinal ridoee nn the valve the 1minine

mechanism that links together frustules to form chains,

areolae with reniform-shaned volae and laterally nnenino
oirdle bands The marginal ridoe on Ambicria valves is
nniane amnno oenera in the Fracilarinnhveear Manv ara-
nhid senera nnssess a row of marginal snines but not a
contintions siliceons striictiire as nrodiced hv Ambictria
(Genera that nneeecs marosinal <nine: have them an hath
valves and spines interlink to hold cells tngether in the fila-
ment Ambictria frustules are heterovalvar, onlv one valve
nnseesees the ridoe and 1ices nraiectinng tn attach ta the
ridoeless valve nn the adininino frictile Thic methnd nf
attachment connled with the heteravalvar natiire of the
frustules, is 1niatie among aranhid diatoms A few snecies
of Oxvneic alan form a marginal ridoe (Siver & Hamilton
201 1) hut this striictiire congists nf a series of fiised snines
of variahle lenoths and is marphologically different from
the contininnis ridoe found an Ambictria

Although some diatam genera <iich ag the ranhid oeniic
Chmmshanoma Fhranhara have aranlas with cimilar rani_
form volae. this type of velum is not found in other aranhid
oenera [ike Ambictria manv aranhid oenera nnssess nnen
rontilae with liotlec and a <inole row of nares on the
advalvar side  However the oirdle bands on Ambictrin
enArimeAne NNAnN ]q‘rnrq“v wharaac in nther oenera \Mi‘rhir]
the Fragilarionhvceae thev onen anically (Round et al.
1990 Siver & Hamilton 2011) Tastlv Ambicrria valves
lark rimnr\nrhﬂqp (Cnllactivelv  thic evnanded qriite nf fea.
trires esneciallv the heternvalvar natiire nf the fristule and
conttlae that anen laterallv clearly diQ’[jngujshes Ambistria
from all other araphid diatom genera.

One other genus i< wnrth mentinn in ramngrienn tn
Avrhictrin  Rimnnsic N (larcia ic a rarantlu r‘]ncnrihnd
oenus from freshwater to hrackish habitats in Brazil (Gar-
cia 2010) that shares some features with Ambistria 1ike
Ambictrin  Rimnanesic ic a hvaline aranhid diatnm with
chnrt marginal <trige that cantinie dnwn the mantle and
with friictyles that link tnoether intn filaments The tvne
anecies R imanic M (Garcia aln nnssesee: margoinal
ridoee and hnth oenera lack rimanartilas (Carcia 201M
Hf\\ﬁ/ﬂ\/@r fhp mQT‘ffiﬂQ] r‘ir‘h‘in <triictiire QT‘Q{'\]Q Pn\/ﬂr‘iﬂn(
and valve <hanes are very different hetween the twn taxa
The maroinal ridoes nn Rimaneic valves have a central lin-
ear canal and lack the cannectine mechaniam foiind an
Ambistria. In addition the laterally openine oirdle hands
N Ambictria are uniane and Ambictria lacks anical nore
fielde Decnite some similarities, these two genera are very
different.

The <nite of characters for Ambictria <unnorte nlace-
ment nf thic geniic in the Fragilarialae and nnat Tahellari-
alae Raiind Thic ic hgcnrl An tha ctriictiire Af tha cAntilan
Although the larce

niimher of oirdle hand< nradiiced hv Ambictria celle iq

and the ahsenre nf a rimanartila

<imilar to those formed hv cenerain the Tahellariales
(e g., Tabellaria Fhrenherg and Oxwneic Round) those
of Ambhistria 1ack sentae Tn addition, valves of species
in the Tahellariale incliidinoe Takollavria and Oxvuneic
have a rimoportula. In contrast, taxa in the Fragilariales
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lack sentate oirdle hand< and genera may (e o Fraomi-
laria Williams & Round and Fragilariforma Williams &
Ronnd) ar may not (e.g., Staurncira (Fhrenhero) Williame
& Rﬂun(‘L Pseudostaurosira (Grimow) Williams & Roiind
and  Peeudnstaurnsironeic Morales) have rimonortilae
(Round et a1 1990} Tn canclicion as currently defined
Ambictria i hect nlacrad in the Fraagilarialee Hawever
it ic nnted that oiven the wide ranoe of <tria and arenla
afriictiires forind within senera comnricing the Fragilari-
ales eonnled with the nresence/ahsence of rimanartiilae
and anical nore fields, reorganization of the order may be
warranted.

When [.ohman & Andrews (196R) originally described
Ambictria thev nronosed two snecie: 4 hualina T.ohman
& Andrews and A4 punctata Tohman & Andrews Ambic-
tria hvalina was distinouished from A4 sunctata by virtue
nf its lonper valves and maore imnortantlv the fact that
it lacked randomlv secattered niincta in the hvaline axial
reginn Tohman & Andrews (19AR) fuirther noted that thev
cottld not distinonish hetween the two snecies in oirdle
view The hyaline axial recion lackino additinnal niineta
nn A hualina ic rloarly nhearvad in earh Af the fhrnr_‘- enar.
imens illustrated bv l.ohman & Andrews (1968; Figs 21.
29 and 30) as are the three snecimens of A punctata with
crattered narec (10RR: Fioce 2R 2R and R1) Tn the ciir-
rent <tiidv. manv of the valves eniild he cenarated intn twon
orniine ac [ nhman & Andrews (10RK) did an the hacic nf
the nrecence/ahcence 0f <rattered niinecta within the hva-
line reoinn Additional characters can he assjgned to these
two orauns First the margins of the 4 punctata oroun
(eo Fios 6 10) tend to be more oraduallv concave and
less straisht than in A Aualina snecimens (e o Fios 1 3
?21) vieldino a central widened reginn that extends fiirther
alano the lenoth af the valve Second  the length tn width
(at valve rentra) ratin ic emallar far 4 Aumctata enarimenc
often close to orless than 2.5. On the other hand the lenoth
ta width ratin for manv 4 Avaling enecimenc i< 2-6, Third,
the mantle i5 deener with lnnoer <triae an valves nf 4 humnc—
tata Tactly although mare difficiilt ta determine friictitleq
matchino 4 sunctats appear to produce more girdle bands
than snecimens nf 4 Avalina

It was not alwavs straightforward to senarate snecimens
intan A hualina ar A punrctatq 1Rino the criteria oiven hv
Tohman & Andrews (19AR) and it is nnssihle that addi-
tinnal tava are alen nrecent The ranoe in lenoth nf Giraffe
specimena (O_4R uml hect fite the ranoe aiven far 4. punc-
tata (1AZAR 1 m) and lancer valvae rannrtad far 4 hualing
(1in ta &K 11 m) were not farind On the nther hand the range
in valve width of the Giraffe snecimens was a closer match
to A hvalina On some valves (e o Fio 18) additional
niincta nncsihlv assnciated with the <triae were nherved
near ane or hoth anices  hit additional niineta were lack-
ino an the remainino nartinn nf the avial recinn Perhansg
these snerimens renresent a third claselv related taxon

On other specimens, the terminal areolae of the valve face

ctriae were often <naced further ot onto the hvaline area
vielding vet annther mornh Tt is firrther nossihle that all
the marnhs nhserved renrecent nne cneries and that as the
lenoth nfthe valve decreases there is a tendencv tn nrodiice
the randonm arenlae and additional oirdle hands Distin-
otiishing hetween the snecies is fiirther comnlicated <ince
the geniis has nnlv heen nhserved at twn sites and in hnth
rases a mix of snecimens wastncovered If indeed these
two taxa are senarate snecies it stands that eventiiallv non-
ulations of one will he incavered indenendent of the nther
(Given the raritv in which this geniis has heen nhserved
additional noniilations shoiild he examined before making
further snecies determinations

With few excentions it is well known that the mean
valve size of a diatom nonulation decreases with contin-
ted cell divicion (Rotind et al 1990 Far manv nennate
diatoms the nverall shane of the valve often changes with
<i7ze rediictinn and the lenoth 1iciiallv decreaces mare than
the width with earh djvicinn Althniioh the width nf Ambic
trin valuvace darlinad with radiictinn in lanath the clana
(coefficient) nf this relatinnchin i< emall (N NR) indicatino
a verv <licht Phqnpp in width relative tn lenoth ag friis-
tiiles decreace in <ize Alen  the central <wnllen region
remaing nrominent with <ize rediiction Perhans the later-
allv anening oirdle hands are more flexible in the middle
of the valve and better enable Ambistria cells to main-
tain the <hape of the centre of the valve as cell length
declines.

Ambictria is now definitivelv known from the Earlv
Facene (thic naner) tn the Tate Facene (Tohman &
Andrews 10RK) (P201R) nnted that fnc-
<il remains from the Rattle Farmation mav alen con-

Qiver et al

tain Ambictria  Althouich the Battle Farmation snecimens
were nnnrlv nrecerved makino the identificatinn tenta-
tive thev did dienlav a diatam with <hnrt marginal <triae
Innoer strige on the mantle and a valve shane consis-
tent with Ambistria. Assuming a nresence in the Battle
Farmation, Ambhistria would he known from three North
American fossil lnealities spanning annroximatelvy 25 mil-
lion vears Interestinolv  Ambictria has not heen 1incov-
ared in the manv nrevinngly <tiidied Nenoene denneite
from Narth America (e o Krehs et al 1087 Rradhiiry
19RR)  snnnarting  the hvnnthesis that this oeniis went
extinet somefime between the end of the Eocene and
the Miocene.

According to Tohman & Andrews (1968). Ambistria
orew in a <hallaw frechwater hahitat in a warm-temnerate
ta <nhtronical climate The <ite <imnarted nalm trees
further indicatino that winter temneratiires were ahnve
freezino and ice-free (Greenwnnd & Wino 100R) The<e
climatic conditinng are <imilar tn thnce recanstriicted for
the recinn harhniiring the Giraffe Pine waterhndv where
Winlfe et al

tinn] a mean annnal temneratiire 17° warmer than tadav
and winter temperatures above freezing. In addition, warm

(2017) rennrted <ionificantly  wetter candi-
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water svniirnnhvtes  diatnms  snonoes and nalm remains
have heen umcovered from the Giraffe core (Siver & Wolfe

2009 Picera et al 2012} A larce niimher nf nalm nhv-
talithe hac alen heen 1incavered in the laciictrine remaing
from the Rattle Farmatinn alsn inr‘h’mﬁnq a warm climate
lackino winter frep7mg conditions Tn stimmarv  avail-
able dafa indicate that Ambistria may be an indicator of
historically warm climates.
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